I n Canada, atrial fibrillation (AF) is the most prevalent cardiac arrhythmia. 1 It is associated with an increase in morbidity and mortality, with cardioembolic stroke being one of the most feared complications. 2 Anticoagulation is an effective means of reducing the risk of stroke. Currently, warfarin is the preferred agent in patients at high risk of stroke. 3, 4 However, maintaining warfarin therapy within its narrow therapeutic window is challenging, even for specialized anticoagulation clinics. 5 Many factors contribute to the variable dose response of warfarin, such as inter-individual variability, comorbidities and drug and food interactions. 5 Dabigatran is a novel therapeutic alternative that provides more predictable anticoagulation with less laboratory monitoring, and it is poised to take over some of warfarin's role in AF stroke prophylaxis. While other novel agents, such as rivaroxaban and apixaban, have proven to be beneficial in stroke prophylaxis in AF, discussion of their roles is beyond the scope of this article.
Dabigatran etexilate is a reversible, direct thrombin inhibitor administered orally as a prodrug. By inhibiting thrombin, the final step of the clotting cascade, it prevents stabilization of thrombus formation by impairing fibrinogen conversion to fibrin. 6 Direct inhibition of this final step of coagulation results in anticoagulation within hours, as plasma concentration of dabigatran and degree of anticoagulant effect are directly proportional to each other. 7 In contrast, warfarin's anticoagulation is due to its indirect effects on the clotting cascade, taking several days to inhibit hepatic synthesis of vitamin K-dependent clotting factors. 5 Its full anticoagulant effects are not realized until circulating clotting factors are eliminated.
Dabigatran etexilate has poor bioavailability and requires an acidic environment for absorption. To increase bioavailability and gastric acidity, it has been specially formulated with a tartaric acid core. 7 Because of this formulation, the capsule needs to be swallowed whole and kept in its original packaging to maintain product stability. Food does not affect bioavailability, but will increase time required to reach peak plasma levels. Once absorbed, the prodrug is rapidly converted to the active form by esterases and moderately distributed into tissues. 7 It is not metabolized by the cytochrome P450 enzymes and is primarily renally excreted (>85%). 7 Because a large proportion of the drug is renally eliminated, plasma drug concentrations will increase in patients with impaired renal function, thereby increasing the risk for adverse events, namely bleeding. Dabigatran is contraindicated in severe renal dysfunction (CrCl <30 mL/min). 7 A half-life of 12-17 hours can be expected with dabigatran, necessitating twice-daily dosing. 8 Steady state is expected within 3 days in patients with normal renal function. 9 Another advantage of dabigatran over warfarin is fewer drug interactions. Dabigatran, however, is not without interactions. It is a substrate of P-glycoprotein (P-gp), whose anticoagulant effects are expected to increase with concomitant use of P-gp inhibitors and decrease with concurrent use of P-gp inducers. 7 While the novel anticoagulant dabigatran offers benefits over existing therapies, its limited "real world" experience should guide its use cautiously in select patient populations. Given the increased uptake of this agent, our aim was to provide readers with a practical overview of dabigatran, highlighting its safety, efficacy and some of its emerging issues and controversies. Bien que le nouvel anticoagulant dabigatran offre des avantages par rapport aux traitements existants, son utilisation auprès des populations de patients choisies devrait se faire avec prudence, étant donné l'expérience limitée de son administration en « situations réelles ». eu égard à la popularité croissante de ce médicament, notre objectif était de présenter aux lecteurs une vue d'ensemble pratique du dabigatran, notamment de son innocuité, de son efficacité et de certaines questions et controverses nouvelles y afférentes.
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of acid-suppressing therapies such as antacids can affect absorption; therefore, it is recommended that dabigatran be administered $2 hours prior to antacid use. 7 Histamine-2 receptor antagonists and proton pump inhibitors may also reduce clinical effectiveness; however, no dose adjustment is recommended in the product monograph. 7 Table  1 summarizes noteworthy drug interactions.
Clinical data
There is only a single landmark trial that has evaluated dabigatran in AF. The RE-LY trial (Randomized Evaluation of Long-term anticoagulation therapY) 10 randomized 18,113 individuals to receive dabigatran 110 mg twice daily, dabigatran 150 mg twice daily or warfarin (INR 2-3). The trial was designed to show noninferiority of dabigatran compared to warfarin for the prevention of stroke and systemic emboli. Approximately 64% of patients were men, with a mean age of 71 (±8.6) years. The mean CHADS 2 score was 2.1±1.2, with approximately 67% of the population having a score $2. Approximately 20% of patients previously had a stroke or a transient ischemic attack. The sample was evenly split in terms of type of atrial fibrillation (e.g., persistant, paroxysmal and permanent). Fifty percent of patients had been on warfarin prior to randomization. Both dabigatran arms were blinded; however, the warfarin arm was open label. Inclusion and exclusion criteria are listed in Table 2 . Median follow-up time was 2 years. At baseline, 40% of patients were taking ASA and approximately 20% of people in each arm continued ASA use throughout the study. Patients on warfarin had a therapeutic INR for 64% of the study period, which is similar to other reported warfarin clinical trials. 11, 12 The RE-LY trial demonstrated that dabigatran 110 mg twice daily was noninferior to warfarin (relative risk [RR] 0.91 [95% confidence interval (CI) 0.74-1.11, p < 0.001]), while dabigatran 150 mg twice daily was superior to warfarin (RR 0.66 [95% CI 0.53-0.82, p < 0.001]) for reducing stroke and systemic embolism in patients with AF. 10 There were also significantly lower rates of hemorrhagic stroke in both dabigatran groups (110 mg RR 0.31[95% CI 0.17-0.56, p < 0.001]; 150 mg RR 0.26 [95% CI 0.14-0.49, p < 0.001]). In patients taking dabigatran 150 mg twice daily, a trend of increased risk of myocardial infarction (MI) was observed. Re-evaluation and analysis of study data, as requested by the FDA, showed that the increase in risk of MI is not statistically significant (RR 1.27 [95% CI 0.94-1.71, p = 0.12]), however, controversy around this topic still exists. 13 Recently, more data have been published regarding the details of MI and myocardial ischemic events. 14 This data demonstrated that there was no difference in myocardial ischemic events between treatment groups and there was no difference in event rates in those patients with a previous history of myocardial ischemic events. Furthermore, an ontreatment analysis revealed that 30% of subjects were off study drug at the time of their events. The authors also postulated that because warfarin has been proven to decrease MI, perhaps the increase in MI is merely a lack of effect of dabigatran on the outcome of MI when compared to warfarin rather than a true increase in events. Details on the RE-LY results are listed in Table 3 .
Rates of bleeding for each group are outlined in Table 4 . Dabigatran 110 mg twice daily was associated with a significantly lower risk of major bleeds (RR 0.80 [95% CI 0.70-0.93, p = 0.003]), while those patients receiving dabigatran 150 mg twice daily had similar rates of major bleeds to warfarin (RR 0.93 [95% CI 0.81-1.07, p = 0.32]). Rates of intracranial bleeds were significantly reduced with both doses of dabigatran compared to warfarin (110 mg RR 0.31[95% CI 0.20-0.47, p < 0.001]; 150 mg RR 0.40 [95% CI 0.27-0.60, p < 0.001]). A significant increase in rate of gastrointestinal bleeds was observed in patients taking the higher dose of dabigatran (RR 1.50 [95% CI 1.19-1.89, p < 0.001]) compared to warfarin.
It should be noted that rates of discontinuation were higher after 2 years of follow-up for dabigatran (21% for both doses compared to 17% for warfarin, p < 0.001). 10 Dabigatran was also associated with higher rates of dyspepsia. This is perhaps due to the capsule's tartaric acid core. There did not appear to be a difference between doses.
Canadian Cardiovascular Society AF Guidelines
The results of RE-LY are reflected in the 2010 Canadian Cardiovascular Society Atrial Fibrillation Guidelines. 15 The guidelines recommend use of warfarin (INR 2-3) or dabigatran for AF patients with a CHADS 2 score $1, unless the risks of therapy (i.e., bleeding) outweigh the benefits or there is contraindication to the therapy. The guidelines recommend that for most patients, dabigatran is preferred over warfarin. Notable exceptions are those with a propensity to dyspepsia, gastrointestinal bleeding or those with a substantial risk of coronary events, including those with stable coronary disease. Preference is also given to the 150 mg twice-daily dose, except in patients with low body weight (not specified), decreased renal function (not specified) or an increase risk of major bleeding.
It is important to note that these recommendations place greater weight on absolute stroke risk reduction than absolute increase risk of hemorrhage. In addition, more weight is placed on the aforementioned advantages of dabigatran than the long safety experience with warfarin.
Place in therapy
Given its clinical data and recommendation in the newly updated atrial fibrillation guidelines, dabigatran has become a very attractive option in the prevention of stroke in nonvalvular AF. The much debated question is whether it will overtake warfarin as the preferred therapeutic agent in moderatehigh-risk patients. A few points warrant discussion and relate to the uptake of this new therapeutic modality in Canada. First, one must keep in mind that there has only been a single outcome trial, albeit large and well designed, published on the use of dabigatran for stroke prophylaxis. 10 This trial was done in a select population and may not be generalizable to all patients with AF. Specifically, those with a recent stroke, valvular AF (including mechanical heart valves) and those with renal dysfunction (CrCl <30 mL/min) or hepatic dysfunction were not studied.
Additionally, unlike warfarin, there is no antidote to reverse the anticoagulation effects of dabigatran. This will need to be taken into serious consideration when deciding to use this agent in a patient at high risk of bleeding. Indeed, postmarket surveillance is identifying issues with bleeding, including fatal cases of bleeding. Safety advisories have been issued in Japan, Australia and the UK, and the US Food and Drug Administration is investigating serious bleeding events. 16 There have also been monograph updates in both Europe and the US advocating for increased monitoring of renal function. 17 The Institute for Safe Medication Practices recently reported an increase in bleeding reports related to dabigatran. A quarter of these reports were in elderly patients, raising the concern of safety in this patient population, perhaps related to decreasing renal function. 18 Lastly, given that this is a new agent, there is no long-term safety data compared to warfarin. An extension of the RE-LY study, RELY-ABLE, is currently underway to evaluate safety up to 28 months. 19 One of the most important determinants of uptake will likely be cost and whether or not it will be covered by provincial payers. The Common Drug Review (CDR) recommended that dabigatran be listed as a drug benefit only in patients who have had a hypersensitivity reaction to warfarin or in those patients for whom warfarin is indicated, but who fail to achieve adequate INR control despite close monitoring and dosage adjustments. 20 Furthermore, they also recommend that these patients should be referred to an anticoagulation management service if available, in an attempt to maintain better control. The rationale behind this recommendation references the RE-LY trial and a pre-defined subgroup analysis, showing that in those centres that had good INR control (in the therapeutic range >65.5% of the time), dabigatran 150 mg twice daily was no longer superior to warfarin for the primary outcome of stroke and systemic embolism. Cost was also cited as a deciding factor ($3.20/day for dabigatran and $1.16/day for warfarin + monitoring costs). While these 2 reasons were listed as the primary rationale for the recommendation, the CDR also listed other considerations, including a low absolute risk reduction compared to warfarin, the contraindication • Dabigatran was the first novel anticoagulant to be approved in Canada for the prevention of stroke and systemic embolism in patients with nonvalvular atrial fibrillation.
• In comparison to warfarin, dabigatran (150 mg twice daily) is more effective in reducing the incidence of stroke and systemic embolism, while rates of major bleeding are similar. Dabigatran (110 mg twice daily) is associated with lower bleeding rates, but similar rates of stroke and systemic embolism. The lower dosage should be considered for patients >80 years, or >75 years with risk factors for bleeding or reduced renal function.
• Dabigatran overcomes many of the limitations associated with warfarin, including more predictable anticoagulant effects, no lab monitoring (INR) and subsequent dosage adjustments, fewer drugdrug interactions and no known drug-food interactions. There is, however, no reversal agent for dabigatran at the present time and cases of fatal bleeding have been reported.
• Longer-term efficacy and safety data are lacking.
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in renal dysfunction and impact on the targeted elderly population, and the issue of no reversal agent. Dabigatran currently has limited provincial coverage in Quebec only. Uptake will likely be limited by whether or not other provinces add it to their provincial formularies.
Conclusion
Dabigatran has been shown to be noninferior (110 mg bid) and superior (150 mg bid) to warfarin in reducing the risk of thromboembolic complications in patients with nonvalvular AF, with similar hemorrhagic rates. Management of this medication is less complicated than warfarin, given its more predictable anticoagulant effects, lack of routine lab monitoring and fewer drug interactions. These benefits need to be weighed against potential downfalls, such as the specific population it has been studied in, lack of reversibility, bleeding complications and its acquisition costs. However, overall, dabigatran is an attractive and welcome addition to the options for stroke prophylaxis in AF. Stay tuned for more data on direct thrombin inhibitors coming soon. n From the Faculty of pharmacy and pharmaceutical Sciences (Leung, Thompson) and the Faculty of Medicine and dentistry (Fradette, Koshman), University of Alberta, edmonton, Alberta. Contact sheri. koshman@ualberta.ca.
• Le dabigatran était le premier anticoagulant nouveau, qui a été approuvé au Canada pour la prévention de l'accident vasculaire cérébral et de l'embolie systémique chez les patients atteints de fibrillation auriculaire non valvulaire.
• Le dabigatran (150 mg, deux fois par jour) est plus efficace que la warfarine pour réduire l'incidence d'accident vasculaire cérébral et d'embolie systémique; les taux d'hémorragies majeures associées à ces deux médicaments sont toutefois comparables. À une dose plus faible (110 mg, deux fois par jour), le dabigatran est associé à des taux de saignement moindres, mais les taux d'accident vasculaire cérébral et d'embolie systémique sont comparables. La plus faible posologie devrait être envisagée pour les patients âgés de plus de 80 ans ou ceux de moins 75 ans qui présentent des facteurs de risque de saignement ou une fonction rénale réduite.
• Le dabigatran élimine bon nombre des limites associées à la warfarine, notamment en produisant des effets anticoagulants plus prévisibles, en n'exigeant aucune analyse de suivi (RIN) ni ajustement subséquent de la dose, en causant moins d'interactions médicament-médicament et en n'ayant aucune interaction connue avec les aliments. Cependant, il n'existe à l'heure actuelle aucun médicament qui permette de contrecarrer l'action du dabigatran et certains cas d'hémorragie fatale ont été signalés.
• Enfin, on ne possède aucune donnée sur l'innocuité et l'efficacité de ce médicament à long terme.
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